In this paper we provide a timely account of how sustainable technologies become entangled with cultural practices and thus co-evolve, influencing energy consumption. In doing so, we critique the approach current UK policy takes towards energy renewal and carbon reduction.
Introduction
In the UK nearly thirty per cent of energy consumption and carbon emissions are attributed to the residential sector 1 . Current UK policy recommends the installment of sustainable technologies (e.g. solar thermal panels), which are designed to help energy and carbon reduction, into homes. Yet, the story does not end here. In order for the sustainable technologies to deliver on their promise of energy renewal and carbon reduction, the technologies require particular forms of use by residents, but the process of user-technology interactions is not straightforward. Current policy asks that individuals 'simply' change their behaviours in accordance with the characteristics and requirements of the technologies. In doing so, policy makers place responsibility for environmental outcomes on households by making environmental sustainability a matter of individual choice (see Webb, 2012) . We argue that such an approach is partial and simplistic; it ignores (a) practices of routine domestic consumption, as well as (b) the actions of actors involved in energy infrastructure provision and policy implementation (see Barr et al., 2011; Shove, 2010; Spaargaren, 2011; Webb, 2012) .
Heading Spaargaren's (2011) call for research into the relations between consumption practices and sustainable technologies, we take these two points as our focus of analysis to investigate how energy is consumed as part of everyday domestic practices that engage with sustainable technologies, and consider the effectiveness of efforts to implement environmental policy initiatives that uses a technology-driven approach. In doing so, we examine tensions between performing and governing practice, focusing on how practices are constituted, conducted and transformed.
In 2006 a UK government policy called the Code for Sustainable Homes was launched as a building standard to tackle environmental sustainability issues such as energy security, resource scarcity and environmental impacts of activities that contribute to increased levels of carbon dioxide from domestic arenas (DCLG, 2006a) . 2 require Code certification as part of the conditions set by the funding agency in order to qualify for grant subsidy. Furthermore, local authorities often set a minimum Code level in planning conditions for future builds. The installation of sustainable technologies is one recommendation made by the Code. A zero-carbon home is defined as a home with zero net emissions of carbon dioxide from all energy use (ibid.) . This definition encompasses all cooking and electrical appliances, as well as all those energy uses that are currently part of building regulations, such as space heating and hot water (DCLG, 2006b ). The home is thus a prime site for policy interventions.
Actors seeking to operationalise policy initiatives to alter individual behaviour deal with energy reduction as a matter of 'pro-environmental' consumer choice (Wilhite, 2008: 122) . In doing so, they promote a technology-driven discourse by focusing on the implementation of technologies (e.g. photovoltaic cells) within domestic spaces, which look to intervene in and encourage energy-saving behaviour. In these approaches, firstly, the consumer is cast as an 'isolated rational individual' (Winch, 2006: 32; see also McMeekin and Southerton, 2012) whose practices are supposedly objective and neutral and thus open to intervention and governance (Webb, 2012: 113) . Much criticism has been levied at this model. For example, technology is frequently held by policy makers as the 'magic bullet' to environmental problems, which 'fails to engage with the big questions of what our needs are and how they are constructed and reproduced' (Shove, 2004: 1053; see also Slater, 1997) . Secondly, these approaches side-line questions of collective responsibility for energy reduction, which allows 'governments to treat the operations of markets and corporations per se as "above" or "outside" the societal frame of reference' (Webb, 2012: 111) . By reducing society to the 'sum of rationally self-interested individual choices' (ibid: 113) a range of actors affiliated to government efforts to affect energy consumption, as diverse as energy providers and housing associations, are excluded from consideration. As Spaargaren (2011) argues, this is inherently problematic because the consumption of energy is invariably achieved through the social and material infrastructures through which energy is provided.
In line with these arguments, we examine how a key actor responsible for implementing UK environmental policy -a social housing association -promotes normative assumptions about use through the implementation of policy-recommended sustainable technologies. We focus on how these assumptions are operationalised by housing association professionals to encourage 'pro-environmental' practices by residents. To better understand how these technologies affect residents' domestic energy consumption, we then investigate how residents adapt to the sustainable technologies and creatively manage their routines.
From our empirical analysis we identify tensions between strategies mobilised by the housing association to influence technology use and energy consumption, and the incorporation of sustainable technologies as part of everyday practices by residents. Our findings reveal how sustainable technologies participate in the performance and transformation of established practices, as residents creatively developing new routine strategies to incorporate those technologies and to juggle activities. The socio-cultural conditions of residents' home lives with the use of sustainable and mundane technologies affect how practices are performed and then become entangled. Energy is consumed in those complex entanglements of practice. We conclude that by ignoring these tensions and practices, current environmental initiatives that promote a technology-driven view to influence energy consumption exclude fundamental considerations about routine practice and the pervasive effect of social and technological relationships on energy consumption.
Technology use and social practices
There exists a substantial body of work now widely referred to as the 'social practice' approach to energy consumption (see Shove, 2003; Spaargaren, 2011; McMeekin and Southerton, 2012; Southerton, 2006) that brings back into the debate questions of how routine practices develop and change, since it is through the conduct of practices that energy consumption occurs (Wilhite, 2004) . Addressing these questions, researchers advocate a shift from the analysis of technological efficiency to that of 'socio-technological' relations and practices, which encompass the practices of both users and producers inclusive of material infrastructures and technologies that shape how energy is consumed (e.g. Guy, 2006; Shove, 2004 Shove, , 2006 Southerton et al, 2004; Spaargaren, 2011; Wilhite, 2004 Wilhite, , 2008 . The emphasis here is therefore less upon the provision of consumer choice, than an understanding of how different actors' practices and technologies co-develop to shape energy consumption.
Current energy reduction strategies continue to frame consumption as a rational and static matter of deciding to act in ways that induce environmental benefits (McMeekin and Southerton, 2012: 346) . For example, housing associations put into practice these strategies by encouraging so-called 'correct' technology use by households and adopt methods such as the provision of information (e.g. instruction manuals) or incentives such as price to affect behaviour, methods promoted by environmental policy (e.g. 'Code for Sustainable Homes').
With the prevalence of such rational-choice approaches, a focus on how routine practices are influenced by different actors is imperative. Indeed, technologies are used differently to carry out daily practices, such as cooking. As Wilhite (2005: 1) argues, 'energy is of little use in and of itself… it must be converted… before it becomes transformed into something useful'. With this understanding, much of current research shows how mundane technologies play a pivotal role in shaping everyday practices though which energy is consumed (see Shove, 2003; Wilhite, 2008) . To account for the growing popularity of showering and its association with convenience and speed, Hand et al. (2005) , for example, identify different elements that constitute showering practice: infrastructural (e.g. plumbing, electrification and hot water provision), appliance and technology (e.g. power-showers), moral (e.g. notions of cleanliness and hygiene) and temporal (e.g. organisation of time and daily schedules). There is, however, little research that looks at the interrelations between practices and both sustainable and mundane technologies. The prevailing research suggests that residents may develop local strategies to manage energy supply and demand by adapting their practices to sustainable technologies, such as photovoltaic cells (Chappells and Shove, 2004: 139) . Or, people might not use sustainable technologies in ways intended by their producers, and hence not generate the sustainable outcomes anticipated by environmental policy (see Ozaki et al., 2013) . To understand how energy is routinely consumed we need to examine how practices are mutually configured by both sustainable and mundane technologies, whilst carrying out activities and conducting relationships.
Heading this call, we focus on the socio-technological relationships that arise between residents and sustainable and mundane technologies in 'doing' practical activities (Schatzki, 2001: 3) . In this perspective, the effects of technologies emerge 'from a combination of persons and materials' (Barry, 2001: 11) . According to Reckwitz (2002: 249-50) , 'a practice -a way of cooking, of consuming, of working… of taking care of oneself or of others etc. -forms so to speak a 'block' whose existence necessarily depends on the existence and specific interconnectedness of these elements [e.g. practices such as cooking and showering], and which cannot be reduced to any one of these single elements'. This notion of practices being interrelated, and thus inseparable from one another, is echoed in Shove and Walker's (2010: 476) observation that 'patterns and practices of daily life interrelate, erode and reinforce each other'. Despite such theorisations, empirical accounts of the interrelations between practices are significantly lacking. Addressing this, we focus on the performance of practices with regards to the 'sphere of culture' (Pickering, 1995: 4) in which they are both situated and constitute. Pickering describes the 'sphere of culture' as comprising: skills, social relations, technologies and concepts/knowledge; where practice is conceptualised as 'the work of cultural extension' (ibid.:
3). We attend to the conditions and means surrounding how practices become interrelated, considering how sustainable and mundane technologies participate in this process shaping activities, and vice versa. In doing so, we do not consider technologies in isolation, but as active in practical activities (Barry, 2001: 11) . With people, technologies and practices are mutually constitutive (see Barry, 2001; Pickering, 1995; Reckwitz, 2002; Schatzki, 2001) 
Methodology
We have collaborated with a large social housing provider in South East England and the case study site is located in South East London and consists of 80 terraced houses. It is part of a large urban regeneration site; those living on the housing scheme have moved from an estate that was made up of tower blocks built in the late sixties and early seventies. Residents were not billed individually for the consumption of water, gas and electricity, but paid a fixed amount each month that was included as part of their rent. In contrast, their new homes are terraced houses with solar water heating and heat recovery ventilation systems. Residents are billed individually according to the amount of water, gas and electricity they use. The mechanical ventilation for heat recovery system exchanges stale air for fresh air and recovers heat in the process; and the solar water heating system uses heat from the sun to warm domestic hot water.
The aim of these technologies is to reduce energy consumption from heating water and space, which accounts for half of all thermal energy consumption in the UK (Hawkes et al., 2011: 2) , and to ultimately reduce carbon emissions.
This study has two parts: interviews with (a) social housing professionals and (b) residents. A detailed information sheet was provided to each participant before the interview explaining the aims of the project: that the interview was voluntary and anonymous, and that they could withdraw from the project at any time. All interviews took between 30 and 60 minutes, and were recorded and fully transcribed. The interviews were coded openly and analysed thematically to capture emerging themes (Thomas, 2006) . These actors included: architects, a building contractor, development managers, a community re-generation officer, maintenance managers and council employees. Interviews were carried out in two phases. Interviews were gained with the assistance of actors working for the housing association.
In the interviews we explored how different professionals operationalised the Code through the installation of sustainable technologies, examining diverse engagements with these technologies.
As part of this line of questioning, we enquired into how residents were introduced to sustainable technologies within the home, and how certain forms of use were encouraged by the housing association. Interviews with professionals working in direct relation to the case study are referenced for our analysis.
The second strand of our research is a study with residents consisting of overall 24 in-depth face-to-face interviews with eight households from January 2011 to April 2012. Interviews were carried out in three stages: (1) a few months after moving into new properties (JanuaryFebruary 2011); (2) nine months later (October-November 2011); and (3) subsequently five to six months after the second interviews (March-April 2012). Repeat interviews allowed us to establish a rapport with the residents and gain an in-depth understanding of the routine practices and strategies developed by residents to manage these technologies, their everyday lives and energy consumption over a sustained period of time. Due to issues of confidentiality, the collaborating housing association made initial contact with the residents to see if they were willing to participate, using our introductory material that summarised the aims and conditions of the study. Thereafter we led the recruitment process. The eight households interviewed consisted of first-generation immigrants from Vietnam (1), China (1), and Africa (5) as well as a household from Britain. Their cultural backgrounds and daily practices vary. Details of their profiles are presented in Table 1 . Interviews were conducted in their homes and residents were encouraged to discuss how they carried out their everyday routine activities and engage with the sustainable technologies.
[Table 1. about here]
Governance and normative assumptions about sustainable consumption 'Government presents its role as acting through multiple stakeholders in public, private and third sectors, resulting in an image of an individual consumer targeted by a dense network of complex institutional actors, each seeking to re-channel the choices of the selfinterested consumer into a calculus of carbon reduction' (Webb, 2012: 114) .
Diverse actors are involved in the enactment of environmental governance seeking to affect individual behaviour. The social housing association is a key organisation that implements government environmental strategies by installing and encouraging 'correct' use of sustainable technologies. The development of social housing needs to demonstrate the potential for its buildings to achieve targets of carbon reduction and energy renewal set out by the Code to meet funding and planning criteria. In the analysis that follows, we identify three strategies mobilised by the housing association that look to disseminate and implement assumptions about the consumption of energy and the conduct of everyday life: what is 'good, normal, healthy, efficient and profitable' (Miller and Rose, 2008: 55) , which are closely tied to technology use. Specific forms of knowledge about technology use and energy consumption are promoted. In attempts to achieve this, the housing association adopts a rational-choice model firmly grounded within a technology-driven discourse: choice and education are two approaches used to try and engender environmental 'behaviour change' through the use of technologies.
Technological determinism: 'do not switch off!'
To 'educate' the residents about how to use sustainable technologies and reduce the consumption of energy, leaflets are given to residents informing them that the technologies are 'energy efficient'. For example, the housing association's booklet states that solar panels will 'help reduce the amount you pay for hot water'. Sustainable technologies are positioned as the primary means through which environmental change occurs. Efforts to try and ensure technological efficiency include applying stickers and signs to switches that inform the residents not to turn off the solar panel and air ventilation systems:
We did make little stickers saying 'do not… switch off' and stuck it over the socket hoping that they [residents] wouldn't. Most of them haven't, but some of them did have the mentality that if it's a switch it needs to be off otherwise you're paying for it… With the solar panels… if they just left the system running they wouldn't pay for the hot water. In the summer certainly not pay for it, and in the winter probably…half and half. (Housing Development Officer) This approach promotes the view that sustainable technologies alone will produce the desired environmental effects if left switched on. As the quote suggests, however, there exists a concern that residents will worry about the cost of keeping the sustainable technologies switched on and that by turning the technologies off, this will make them redundant. To try to counteract this potential for technological failure, as well as limit energy consumption, a cost-based incentive is presented to residents.
Cost-based incentives: 'how to reduce energy consumption'
In addition to written instructions, the housing association seeks to regulate energy consumption by offering advice to residents about how to reduce energy costs. As mentioned earlier, residents recently moved from a nearby estate to the newly developed one, which entailed significant changes to the type of residence, technologies used to generate hot water and ventilation, and billing method. Because of the different nature of energy provision and payment method financial considerations are viewed as pivotal to changing residents' behaviour:
There was going to be quite a big increase in rent charges and service charges… [In the previous homes] the residents paid a certain amount, which included unlimited heating… hot water… and cold water… So if they had the heating on 24 hours a day they would be charged the same amount if they had the heating on for 30 minutes… It seemed that rather than turning the heating down… they would just open a window… because they weren't paying for it. So it's educating residents about the changes that are going to happen when they move into their new homes. (Housing Regeneration Officer)
To manage the transition to a different means of energy provision, workshops were devised to tackle budgeting and money management, and information leaflets disseminated among residents:
We did… information booklets for residents… we were making it clear to them that, you know, 'you will pay for the amount of heating and hot water you use'… [If] you had concerns about the heating and water charges… we gave residents the opportunity to sit down with an independent financial advisor. (Housing Regeneration Officer) Residents do have concerns over the higher cost of living in the new houses. Yet despite this apprehension, strategies that focus on cost alone do not significantly affect the routine practices of residents, as we discuss later. An additional strategy is used to try and create the environmentally beneficial outcomes imagined with the installation of the sustainable technologies. The housing association and affiliated professionals disseminate standardised advice about 'correct' usage of sustainable and mundane technologies within the home.
Standardised advice: 'how to conduct your life and save energy'
Normative concepts about 'correct' technology use is reflected in the advice provided to residents by the housing association to save energy by, for example, regulating water usage by reducing the length of time to take a shower (described below). In the following quote a development officer tries to give advice to residents on how to live in the new house on the 'moving-in' day, whilst it is evident that residents concentrate on making it their home:
[Residents] have a familiarisation process [to the new home], it lasts an hour per household… and they get leaflets to say 'this is what this does'… But obviously, the day they get their keys is so exciting that anything they [we] It is evident that there exist potential tensions between the housing association's efforts to introduce energy 'efficient' practices within the home and residents' daily socio-technological practices, which we investigate in detail in the next section. We have discussed three strategies adopted by the housing association that try to govern the behaviour of residents.
The first strategy assumes that sustainable technologies alone will achieve the desired environmental effect. The second approach employs cost-based incentives to reduce energy usage, making it a matter of choice to decide to use less heating and hot water, for example.
The third strategy offers standardised advice for resource intensive practices such as showering, which assumes that consumption practices are universal and remain constant with time. The desire for efficient sustainable technology use embodied in these strategies thus neglects the cultural and social concepts and practices that underpin energy consumption (see Shove, 2010; Southerton et al., 2004; Spaargaren, 2011) .
We next examine residents' routine practices and their use of both sustainable and mundane technologies as part of accomplishing their daily lives, which, we argue, have a significant impact on the ways in which practices interrelate and the diverse ways in which energy is consumed.
Juggling practices: cooking, showering, and organising social life
In our analysis of residents' practices we find that they conflict with standardised and normative notions about the use of sustainable technologies. We argue that sustainable technologies do influence how everyday practices are conducted, but in ways unexpected by policy makers and the housing association. Adapting to the new technologies as part of carrying out their lives, residents creatively develop novel practices that build on existing cultural practices, which in turn affect processes of energy consumption. We focus on two particular practices that are closely linked to the installed sustainable technologies: cooking, and showering/bathing. We argue that with mundane technologies, sustainable technologies reciprocally and mutually participate in shaping the wider socio-cultural lives of residents, through which resource intensive practices become entwined and energy is consumed.
Cooking
The heat recovery ventilation system installed in the residents' homes is purportedly 'energy efficient' by offering a means to control the indoor climate through providing fresh air. The regulation of the indoor climate is supposed to require a lessened need to open windows and thus allow the heat of the property to increase in the winter and decrease in the summer. We found that some households adapted their cooking practice to try to control steam and cooking smell, developing their own strategies to manage ventilation as the ventilation system did not In addition to these strategies of scheduling cooking to the morning so that the smells have time to dissipate, and changing the location of cooking from the kitchen to the garden patio, households also manage ventilation by cooking particular dishes, such as an 'African stew'.
Residents cook the stew in bulk so that only one day a week is dedicated to intensive cooking Bulk shopping and cooking, as well as strategically using doors and windows, aids households to manage ventilation. This process reciprocally shapes how families organise their time and leisure practices. Assembling the stew offers flexibility to conduct these practices and achieve ventilation. This flexibility is also facilitated by technologies, such as the refrigerator-freezer to store large quantities of food and the microwave to provide 'instant' meals (see Shove and Southerton 2000) , which 'frees up' residents' time for other activities:
[Now that we have bought a fridge freezer] she [his wife] will cook stew… and then put them in small containers and just freeze them. So you just go to the freezer as and when you need them… put them in the microwave… just like those ready-made foods that you buy… She does a major cooking and she spends something like three hours in the kitchen… And that will last sometimes nearly two months... It's sort of freed up time to attend to other things, like maybe go to the library, go to the pub, and you know, do the shopping. Residents alter their practices: the tools (ingredients), methods (steaming, frying) and techniques (recipes) of cooking, to enact unique strategies for ventilation. These strategies are entwined in efforts to juggle family activities and time. The notion that adequate ventilation will occur if 'you just keep the vent switched on' promotes the idea that there exists a 'universal' home and user, separating sustainable technologies from these wider social and cultural
practices. Yet in reality we see that the varied practices of food preparation and cooking mutually shape residents' engagement with technologies and their energy consumption. Clearly, a standard ventilation system alone cannot control the indoor climate and improve energy efficiency, as it overlooks the creative and culturally diverse practices of residents. Sustainable technologies can change established routines (Spaargaren 2011) in ways unanticipated by the housing association: residents actively adapt to these technologies with varied implications for use. Through these processes new cultural practices emerge with potentially diverse and conflicting consequences for anticipated environmental outcomes.
Showering and bathing
As we saw above, changes in residents' practices affected by newly installed sustainable technologies have repercussions for alternative practices, such as the scheduling of showering.
Indeed, Hand et al. (2005) suggest it is important to 'acknowledge the temporal and sequential scheduling of everyday practices and to know where showering or bathing fit into the daily or weekly routine… the shower belongs to a set of domestic devices whose popularity has grown precisely because they promise to help people cope with the temporal changes of… modern life (Warde 1999 )' (Hand et al. 2005: 7-8) . The arrangement of time, family members and work, for example, demands careful planning and coordination and the shower aids this by allowing for speed and convenience (ibid.). In the following quote, a family 'morning timetable' is scheduled around showering:
Everyone takes a shower and leaves… We wake around 6.30. I think we finish, all of us, by 7.30. Within one hour everyone has finished, six people… And by eight o'clock we've all left.
First me or their mum, because of the nature of our work. It might be delayed. Otherwise my bigger daughter, she has to leave by 7.30. She always gets to her job early. There's a boy, the same thing, he might leave at quarter or ten to eight. There's one she leaves at ten past eight, and the other one, the youngest daughter leaves at 8.30. (GT) Current work on practices sheds light on the relations between showering and strategies of time management (see Southerton, 2006; Warde, 1999) . Building on this, we argue that residents' wider socio-cultural 'organising praxis' is shaped by sustainable and mundane technologies, and vice versa, affecting how practices become interrelated, in turn, influencing other resource intensive practices. As part of the praxis of daily life routine practices are closely interconnected; we cannot view them in isolation.
Showering and bathing practices are also part of, and intertwined with, residents' social life:
[My daughter] doesn't have a bath in the morning, she has a bath in the night… But if it's weekend when I'm at home, she has to have a bath in the morning… because we have to go to church, so I can't leave and go out of the house without having a proper wash. (OO)
We all take a shower in the morning… You use a bath for your children, maybe in the evening… We do baths in the evening if the kids have been to sports, and you know, summertime, because they roll on the grass, they do a lot in summer, we do both morning and evening… (MO) In the latter household, the demarcation of morning showering (adults) and evening bathing (children) is closely tied to the practices in which adults (work) and children (sports) are involved. The consumption of energy services, such as showering, and energy itself, are together accomplished as part of people's daily lives (Wilhite 2008) .
Practices (re)configure and sustain one another; they are intertwined with and constitutive of existing 'ways of doing things', which are adapted and transformed through negotiating new social, cultural, and technological arrangements. Efforts to govern residents' practices and energy consumption through strategies that essentially 'bracket off' sustainable technologies from the lives and activities of residents disregard how sustainable technologies contribute to how residents' arrange their daily lives. During these juggling acts new forms of practice are created, which do not conform to the technologies' characteristics and technological 'potential' anticipated by housing professionals. Advice, such as taking a shower instead of a bath, therefore, does not lead to so-called 'behaviour change' as imagined by policy makers.
Discussion and conclusion
There are clear tensions between the assumed normative ways of use of technology and actual use. From the social practices perspective it is evident that domestic energy management and consumption is shaped by people's attempts to juggle everyday routines and wider sociocultural praxis, rather than driven by sustainable technologies alone, as policy makers and housing providers imagine. The heat recovery ventilation system does not manage indoor climate by itself. Rather, it is affected by: culturally diverse cooking practices, ventilation strategies creatively developed by residents, and the scheduling of other resource intensive practices. The solar water heating system is not used according to its technical characteristics (e.g. generating hot water when the sun is out). Instead, residents adapt showering and bathing practices to manage time as well as family and social activities, reflecting divergent cultural norms and priorities. In most cases, these processes of adaptation dominate over efforts to conform to the requirements of the sustainable technologies demanded of residents to achieve sustainable outcomes. Strategies that rely upon consumer choice as a mechanism to deliver sustainable outcomes are thus problematic. Residents' socio-technological practices, which comprise sustainable and mundane technologies, and are affected by the wider socio-cultural conditions and management of everyday life, influence energy consumption. Simply offering cost-incentive and standardised advice overlooks how energy consumption is achieved. Policy's approach to ask individuals to change their behaviours in accordance with the characteristics and requirements of the sustainable technologies simply does not work. We contend that the relations between mundane practices (e.g. cooking and showering/bathing) are entwined and constitutive of activities as residents creatively adapt to the sustainable technologies, generating new forms of cultural practice. Despite recent work that examines how mundane technologies become enrolled as part of objectual elements of practice and energy consumption, there needs to be a greater appreciation of how both sustainable and mundane technologies, affect the interrelations between residents' practices in the 'sphere of culture' (Pickering, 1995: 4) 
